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Failure prediction model of water distribution pipelines considering
weather factors

HOU Benwei, XIAO Hengsheng, WU Shan
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Abstract; Due to the changes in soil moisture content and deformation caused by weather changes, there is a
correlation between weather temperature and failures of urban water distribution pipelines. Based on the failure
records of pipelines and weather temperatures of a northern China city, the correlations between different weather
temperature indicators and water mains failures were analyzed. The failure prediction models of water distribution
pipelines considering weather temperature factors were established using error back propagation neural network
(BPNN) and genetic expression programming ( GEP) methods. According to the failure records of water
distribution pipelines, pipeline geographic information, and weather temperature records of the case city in the past
11 years, the correlations among pipeline failures and six weather factors were analyzed, including average
temperature, freezing indicator, maximum increase, maximum decrease, maximum increase rate, and maximum
decrease rate. BPNN and GEP were used to establish the implicit and explicit relationships between the number of
pipeline failures (i.e., the dependent variable) and four explanatory variables (the selected weather temperature
indicator, the diameter, age, and length of pipelines). The explicit and implicit models were used to predict the
number of pipeline failures in the case city in the next year. The determination coefficients of the prediction results
of the model without considering weather factors were 0. 65 and 0. 60 respectively, while those considering weather
factors were 0. 78 and 0. 88, where the prediction accuracy increased by 13% and 28% . Therefore, it is
reasonable and effective to establish a failure prediction model of water distribution pipelines by considering
weather factors.
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Tab.1 Characteristics of water mains

Fr R EBRK W WY/REIRD SAAAKEERN

il mm km AEGy BUH By (Kekm™h)
CIP 75~600 2175 1920—1999 5 380 2.47
DIP 75~1200 4115 1990—2019 2526 0.61
SP 75~2200 572 1957—2019 246 0.43

XT3 B R A, PR M KR A AR
MBS LI L e i U R i A e A A UL P 2, g A
PR HE SRR BE H 0372 A DL 3, A
LA BEAF 13 28 A0 WL IET 4, WAt a5 B H P 25 R R A
5 Fe HIE L AR BEF AR, B Y



<10 - e N S W | A - =

PR PR R AR A R 3o 181 2 i 2RI, A iE
T ORI e 8 A 2 B BT s T B R R 3, 1
B 20 a IPEE AR BUROR, R I} 65 a JE T
TE o 3 AR, W 18 55 B A T A R e
RAAFAEIT AR SN, T 453 B i 4 = il e A i B
A b T T PR AT RE R K A& S 4D ) R P SR I B
FUEERPEOR T I, R R R RIR 2 i — 2
PEBARE LT B 4 BGITER R, fEA
PRI 1) S TR AR B 0 A IR T e
B SHL R e B 2 1 11 A BIRAEL A,
X L8 Ay B AR P R IG5 /N T A A
1 o DRURIR A IE A0 32 2R BLAE 3K 73 45
URECHIZ K , BB AE R £ )2 P A I 25 2 32 3114
WREwH . Sebrh, A8 EO7 SRk T RE R
Wi 52T PRURE LA B80T, (5L i ke = - S i
SN D) BATLA 2R TRBE I A5 N T RS Y
B RRGEMHTE . P, TFARAR I kR 2 da) 704

#4541,
3r \

=
g
R
= AL
B 2
=
3 .
31'—" __,_./
b
B
0 1 1 1 1 1 1 1 J
75 166 150 200 300 400 000
B4 /mm

1 BKEWRHEEREL

Fig.1  Variation of number of failures per kilometer with pipe
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Fig.2 Variation of number of failures with pipe age
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Fig. 3 Variation of percentage of failures per month and average

temperature in different month
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Fig. 4 Variation of number of failures and pipe length in
different year

1.7

th
T

PR /m

1.4+
1‘3 1 1 1 1 1 1 1 1 1 1 1 1
1 23 4 56 7 8 9101112
A
ES WiRssAFHER

Fig.5 Average buried depth of failures per month
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Tab.2  Definitions of quantitative indicators of weather factors
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Fig.6  Definitions of model input and output

2.2 EBRBARRE

TERERI TR, 5% Rajani 25" BF % H 09
SIMT T E R AR R AR B 1] 25 K m DR AR
FMERSIEGHT I SRIG e P22 I A 6 o 2 10 4%
( BPNN) FIE R Fe ik X 4 P (GEP) 5 He g vy % B K
SR GRS IR TR, % s R £
R 25 7K T T 48 T g B AL R AR 7 50
TR T B

1) WSCAE 457K A8 IO B 580 SR B0 A Tl A b
JI 13 KA PR RT3 A TR S, X 500 P 114 S5 3
i B B AT B

2) Be AN R R AU R % 7 14 A A B,
5E R B VKGRI BRI KR B 6.

3) W KK Z AR HR I ] 25K m, PEPefe R
PER SRR Iy o

D%} 30,60,90 120 d 257K [ i ] 254, 44 BR
6 BT B2 R B ] 25K X 7 (1 KA PR 2%
FEBRAE, 753 R[] i [A] 2 KXo o 4 A M 4

@t T [ 1) 25 K, SR i+ 2 B iE A
I BPNN 7, 43 i o7 PR A8 ek (EARE0) 45 1 A
(2 G E KRB KA R AR bR 1M 5
Z(TIMBIRD) XS T2 2 By 6 PR B



c12- MR

T

o

A

ne,

ny,
2

=2

PN Hz H 54 &

6 N TFIIMASE Y, AN [R] ST ASE TR F) 2R 28 200, B
FRAEMS AP
@FF X fi A N ] 25K g X WA Y, 73BT KA A
B Z AR SCHE , SR IO LB 8 A T R A6 b B9 B
AUG N TR SR, JL55] 500 MR g
FH, HEE 500 AT B E BB I E L 5 R AL
BRI R R TR AR
4) K H BPNN i1 GEP J5 2 £ 37 i 5 B0 e 5K
AT ALY, >R FH 2008—2018 4 (1448 36 A5 43t
Wi S BT SR BIs 4R o AR i (PR &) Oy
BB A (AR AR R
K ARERHERAHEER
5) ISR —4F (2018 48 A—2019 47 A ) 1y
I T AT KA A DAy I A0, 6 0 A TR )
k.
RVGE (R ) A A B2 55000 44 B D40 4
B, B IR (1) o R BB PRI A% k1) 4 0 25 53 Rl
2oF A G R B AR B RO LB, R B30T 1, 6
RV RE BT
2 (y; - 5’/)2
R=1-"T—
; (i =9’

1y, oy oy S TSR A A i A B ST
BiAE A T R A

(1)

~

(" BEHtie 3 B /TS S R/

L SEiFE |
Ha 52 UKV BRI 0

( HasE it R Km )

| BBARERAEERFL

l

(" SEFIBPNNAIGEP 7V 5t
8 A A& 2 T AR A

TR e — 4 BB B 4K

E7 REHNRE

Fig.7 Flow chart of prediction model
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Fig. 10 Variation of average daily failures with temperature
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Tab.4  Correlation coefficients of weather variables
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Fig. 12 Comparison between model prediction values and observation values
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